Abstract. Ecological development is one of the three components of sustainable development. To be able to analyse the impact of economic and social development on the ecological situation of the region, ecological development has to be assessed using quantitative methods. The ecological development of a region can be seen as a complex integrated phenomenon observed in many aspects. After formalizing them, i. e. converting them into criteria, we can form a system that upon applying multi-criteria methods will allow us to carry out a complex assessment of the ecological development of a region. The objective of this article is to provide methods for the quantitative assessment of the ecological state of a country's regions. Review of scientific literature, analysis of statistical data and the methods applied in the theory multiple criteria have been used for the research.
Introduction
Today the development of any socioeconomic system is understood as sustainable development. The following concept of sustainable development has been formed in global environmental and economic development forums, which has become the classic concept: it is development that meets the current needs of society without compromising the ability of future generations to meet their own needs. Thus sustainable development is a compromise between the environmental, economic and social objectives of societies.
Sustainable development is especially relevant to regional politics, the aims of which are to reduce differences in the standard of life between different continents, countries, or regions of a country. The result of inefficient policies is the increase of social tension manifested by the extent of emigration, criminality, death rate, lower birth rate, etc.
One of the results of the unsustainable development of a country's regions is a deteriorating ecological situation due to the ineffective use of available resources, increased pollution, deforestation, etc.
Of the remaining two components of sustainable development -social and economic development -the latter has the biggest impact on ecology, as it covers industry, construction, transport, and agriculture. Studies of this issue carried out in different regions of the world clearly show the negative impact of economic development on the environment (Pope et al. 2004; Munitlak et al. 2009; Lapinskienė et al. 2014 Lapinskienė et al. , 2015 . To analyse the impact of economic development on ecological development, we need to express both of these components of sustainable development in a quantitative way.
Both the economic and ecological development of a region are attributed to complex integrated phenomena which manifest as many aspects in reality. Upon formalizing these aspects we obtain a system of indicators defining the analysed phenomenon. Where it consists of many indicators, a hierarchic system of indicators is formed (Ginevičius et al. 2014; Ginevičius 2009 ). This allows reducing the number of indicators assessed at one time by determining their weight by employing the expert method.
After carrying out a multi-criteria assessment of such a system of indicators, depending on the assessed objective, it is possible to determine the state of economic or ecological development of an individual region or to rank regions according to the degree of development.
The objective of this article is to provide methods for the quantitative assessment of the ecological state of a country's regions and verify such methods against the regions of Lithuania.
2. Assessment of the ecological development state of a country's regions Two essential aspects of the analysis of ecological development can be distinguished. First of all, the formation of a system of indicators that reflect it; second, the way or method of the quantitative assessment of the state of ecological development.
All authors analysing ecological development unanimously agree that it is a complex integrated phenomenon manifested by many aspects in reality. In order to carry out a quantitative assessment of ecological state, these aspects are formalized and converted into indicators.
Opinions concerning the composition of indicators differ. Today the situation is such that it is attempted to provide as many indicators reflecting ecological development as possible, but practical calculations use only a small number of such indicators (Atkisson, Hatcher 2001; Golusin et al. 2011; Boggia, Cortina 2010; Munitlak et al. 2009; Babu, Datta 2015; Wallis et al. 2011) . This is due to several reasons. First, it is taken into account which indicators were used in previous studies; second, the availability of data about these indicators; third, the accuracy of such data (Golusin et al. 2011) . In most cases it is based on indicators for which official data is available.
One more aspect of the analysis of ecological development has to be stressed -the object of most studies are either individual continents and the countries thereon or the countries of a continent, or the annual dynamics of the state of ecological development in individual countries (Wong 2002; Munitlak et al. 2009; Ferrarini et al. 2001) . Very few studies concentrate on the ecological development of a country's regions (Wallis et al. 2011; Giddings et al. 2002) .
Their number in the suggested systems of ecological development indicators is different and varies from several to several dozens. For example, the study of the Southeast region of Europe is based on a system of ten indicators (Golusin et al. 2011) , another study is based on nine indicators (Boggia, Cortina 2010) , systems of four (Kondyli 2010; Čiegis et al. 2010) and seven indicators (Babu, Datta 2015; Wallis et al. 2011) , etc. are also suggested.
A more detailed analysis showed that indicators are often selected by way of decomposition.
This compounds the calculations and reduces accuracy. Especially since such indicators often reflect one and the same -a rather homogenous aspect, for example, certain pollutants expelled by certain sources. Therefore we believe that ecological development can be rather adequately reflected by a rather limited number of essential indicators. In such a case, the possibility to obtain information on those indicators increases.
Another important moment when forming a system of indicators is the possibility to obtain data about such indicators in the required cross-section. The object of our study is the ecological development of a country's region and its calculation on the basis of the regions of Lithuania, thus we based the study on information about their ecological development provided by , 2013 . The following indicators were provided (Counties of Lithuania 2010 Table 1 .
Literature analysis on the quantitative assessment of the state of ecological development showed that mostly multi-criteria methods are employed (Boggia, Cortina 2010; Krajnc, Glavic 2005; Kevin 2007; Ferrarini et al. 2001; Zhou et al. 2007 ). In such a case it is attempted to consolidate ecological development indicators expressed in different dimensions with a different impact on this development into one aggregate value.
Two models of such aggregation are distinguished. The first can be shown in this way (Golusin et al. 2011) :
where Ej -the value of the quantitative assessment of the state of ecological development of an analysed phenomenon j (region, country, country's region, etc.);
w -the weight of factor i improving the ecological situation;
w -the weight of factor i aggravating the ecological situation;
q -the normalized value of factor i improving the ecological situation;
q -the normalized value of factor i aggravating the ecological situation. Thus in this case (1) the nature of the change of factors in the formula is not changed, i.e. it includes both maximizing and minimizing factors.
The quantitative assessment of the state of ecological development may also be done by applying a multi-criteria model based on the SAW (Simple Additive Weighting) method (Hwang, Yoon 1981) :
where: The SAW method (Hwang, Yoon 1981 ) is used in the reaearch. Table 1 distinguishes two circumstances which need to be evaluated, first, the nature of ecological development indicators is different: the first three are minimizing, while the fourth is maximizing. This means that the growing values of the first three indicators signal a deterioration of the ecological situation, and the increase of the value of the fourth indicator signals an improvement of the situation. The multi-criteria assessment SAW method requires the nature of change of all indicators to be the same, i.e. all of them need to be maximizing or minimizing.
Maximization of the values of indicators is performed in the following way (Hwang, Yoon 1981) :
where: Similarly to the perspective in the first case, the second aspect is that ecological development indicators are expressed in different dimensions, i.e. they are incomparable. The values need to be normalized to become comparable. The method of normalization depends on the objective of multicriteria assessment. If we want to rank the regions of the country according to the degree of ecological development, normalization is performed in the following way (Ginevičius, Podvezko 2004 , 2007 Ginevičius et al. 2006 ):
where: i q -the normalized value of indicator i ( n i , 1 = , n -number of indicators). In the event that we want to use the results of integrated ecological development assessment of regions for further research, for example the analysis of the impact of economic development, then this method of the normalization of values of indicators is not suitable. This is due to the fact that seeking the comparability of regions the normalized value of indicator i taken individually results from the general context, i.e. this value is influenced by the values of this indicator of all other regions.
We need to determine the state of ecological development of an individual region of a country, therefore we should perform normalization employing the ESP method (Ginevičius et al. 2012 (Ginevičius et al. , 2015 Ginevičius 2008) :
where: i q -the normalized value of indicator i; max i q -the highest value of indicator i (obtained from statistical data or established through expert assessment).
In this case the value of indicator i q for the analysed region does not depend on the values of the same indicators of other regions. Based on Table 1 and formula (4) the maximization of the values of ecological development of regions was performed. The results are presented in Table 2 .
The next phase of multi-criteria assessment is the normalization of indicator values, i.e. their conversion into non-dimensional comparable values. Based on Table 2 and formula (5) the following results were obtained (Table 3) .
The weights of ecological development indicators of the regions were determined by interviewing experts. After the verification of the compatibility of their opinions using the Pearson criteria 2 χ , the following values were obtained (Table 4) .
After obtaining normalized indicator values and weights of the indicators, we can continue to the quantitative integrated assessment of the ecological development of the regions of Lithuania. This is performed using the SAW method (Hwang, Yoon 1981) . In one case we ranked the regions according to ecological development (Table 5) , and in the other case we determined the state of ecological development of every region (Table 6 ).
The ranking of the regions of the country according to ecological development (Table 5) can be used as a basis for formulating the measures of regional development intended to reduce differences between regions. This can be done by respectively directing the domestic investment of the country. Data about the ecological development of an individual region (Table 6 ) can be used, for instance, for the correlation-regression analysis of the impact of economic development on ecology.
Conclusions
In order to carry out the quantitative assessment of the state of the ecological development of a region of the country, first we need to solve two problems. First of all to form a system of indicators; secondly, to determine the method of aggregating such indicators into one cumulative value.
Different systems of indicators have been suggested. They differ both in the number of indicators and their composition. In many instances their structure is determined by three circumstances: first, the indicators used in previous studies; second, the availability of data about such indicators; third, the accuracy of the data. On the other hand, systems of indicators are often too detailed, which encumbers calculations and reduces accuracy, therefore the system should only include essential indicators that contain related indicators of a lower level.
There are two methods of aggregating ecological development indicators expressed by different dimensions and operating in different directions into one cumulative value. First, where the nature of the change of factors is not changed, i.e. they remain maximizing or minimizing. Second, where through transformation all the factors become maximizing or minimizing and only then are aggregated into one cumulative value. Further research will show which of the methods is more accurate.
